ABSTRACT. -We give a new approach to the Cauchy problem for some non-Kowalewskian equations in the Gevrey class. Particularly we treat the plate equation with strong damping. © 2000 Éditions scientifiques et médicales Elsevier SAS RÉSUMÉ. -Nous donnons une nouvelle approche du problème de Cauchy pour quelques équations nonkowalewskiennes dans la classe de Gevrey. Particulièrement nous traitons l'équation des plaques avec un amortissement fort.
Introduction
We shall consider the following equation in [0, T ] × R d x :
u tt + a(t) 2 u + p(t, ∂ t , ∂ x )u = 0, u(0, x) = u 0 (x), u t (0, x) = u 1 (x), (1) where a(t) is a real valued function such that:
a(t) ∈ C k+α [0, T ] and a(t) 0 for t ∈ [0, T ] (2) resp. a(t) ∈ C α [0, T ] and a(t) ∃ δ a > 0 for t ∈ [0, T ] (3)
and p(t, ∂ t , ∂ x ) is 0 or −b(t) or −c(t) ∂ t .
There are many works of the equation (1) with a(t) ≡ 1 which describes the motion of bending of thin elastic plate and is called plate equations (see [6, 7] , etc.). In this case, the wellposedness (global existence) can be considered in the usual Sobolev space. But in case a(t) is not constant and sufficiently smooth, we must consider the equation (1) in the narrower space than Soblev space, that is, in the Gevrey space.
When p(t, ∂ t , ∂ x ) ≡ 0, by (2) (resp. (3)) we find that the characteristic roots of the nonKowalewskian equation (1) are not real valued and multiple (resp. distinct). However the equation (1) under (2) (resp. (3)) can be treated as weakly (resp. strictly) hyperbolic equations of second order. Indeed using the lemma introduced in [2] and applying theorems in [3] to our equation (1), we can get the following (see [1, 2] and [3] ).
THEOREM A. -Assume that p(t, ∂ t , ∂ x ) ≡ 0 and a(t) satisfies (2) (resp. (3)). Let T > 0 and k + α > 2 (resp. 1 α > 1/2). Then the Cauchy problem (1) is γ s -wellposed, provided
In this paper our aim is to investigate how the lower terms have influences on the Gevrey wellposedness. According to the lower terms, the range of Gevrey exponent s becomes wider or narrower than (4) and (5) 
, if we impose a sort of Levi condition on b(t), with the same method as [2] we can also get the following similar result as Theorem A (see [2] ).
the Cauchy problem (1) is γ s -wellposed, provided 
(t).
Though the conditon (6) admits the complex valued function b(t), if we restrict the real valued function b(t), we can get the following with a quite different condition from (6).
the Cauchy problem (1) is γ s -wellposed, provided
Remark 2. -When a(t) ≡ 0, the equation (1) becomes weakly (resp. strictly) hyperbolic equation. Then since k + α > 2 can be taken arbitraly large, the range (10) (resp. (11)) of Gevrey exponent s becomes
which coincides the result of [2] (resp. [1] 
which is wider than (4).
We next put p(t, ∂ t , ∂ x ) ≡ −c(t) ∂ t which is called the strong damping. It is well-known that the energies for plate equations or wave equations decay to zero more rapidly thanks to the damping term (see [4, 5] , etc.). But generally it is difficult to get this kind of result for our equation (1) since a(t) may degenerate. Instead of this kind of result the strong damping term gives the benefit on the Gevrey wellposedness in our case. If we impose on c(t) the condition whose form is very analogous to a sort of Levi condition (6) in Theorem B and which plays an inverse role in comparison with a sort of Levi condition, we can get better result than (4), (5) and also (12) as follows:
Example 1. -We can easily find c(t) satisfying (13). Supposing that
Moreover if we impose the additional condition on c(t), 0 λ 1 can be extended to −1/2 < λ 1. Noting that the crucial part is −1/2 < λ < 0, we also get the following.
Remark 4. -As λ tends to −1/2, (14) λ becomes narrower and tends to (4).
Example 2. -We can easily find c(t) satisfying both (13) and (16). Supposing that
and c(t) = t γ satisfies both (13) and (16).
Our theorems can be generalized for the following equation in
Then we get the followings:
satisfies (8) and (9), the Cauchy problem (17) is γ s -wellposed, provided
. If c(t) satisfies (13) and
Remark 5. -Corollaries 4, 5 and 6 exclude the case of n = 0, since the terms b(t)u and c(t)u t does not influence the Gevrey wellposedness. In this case with similar methods as [2] and [3] , we can obtain instead of (18) and (20) λ (resp. (19) and (21)):
. 
is the space of Gevrey functions f (x) of the order s having compact support.
Proofs of theorems
Since the abstract Cauchy problem of weakly (resp. strictly) hyperbolic type considered in [3] , includes our problem (1) under (2) (resp. (3) ), the theorem in [3] gives the existence and uniqueness of the solution. Therefore we shall only investigate the regularity for x of the solution, paying attention to the influences of the lower terms.
By Fourier transform, the non-Kowalewskian equation (1) is changed into:
where v =û, and v l =û l (k = 0, 1), and p(t, ∂ t , iξ) is b(t)|ξ | 2 in Theorem 1 and c(t)|ξ | 2 ∂ t in Theorems 2 and 3.
Proof of Theorem 1
By [2] we know that the Cauchy problem for the weakly hyperbolic equation u tt − b(t) u = 0 is γ s -wellposed under (8) and
Therefore it seems that (10) describes both (4) and (24) simultaneously. Thus defining the energy by:
we can prove with similar methods as [2] and [3] that the Cauchy problem (1) is γ s -wellposed under the conditions (8) and (10). Hence we only prove that the Cauchy problem (1) is γ s -wellposed under the conditions (9) and (11). We define the energy by:
where 0 < ε < 1 and ρ(t) ∈ C 1 (R 1 t ) are determined later on and b ε (t) = 
Differentiating E ε (t, ξ ) 2 and using (9), (23) and (25), we have:
Therefore Gronwall's inequality yields
In order to estimate
ds, the following lemma is very useful.
LEMMA ( 
C(k, α, I ) f C k+α (I ) .
For the proof, refer to [2] . Hence we get:
Taking ε = ξ −1 and choosing ρ(t) such that:
from the condition (11) we have the energy inequality:
This concludes the proof of Theorem 1.
Proof of Theorem 2
We shall prove that the Cauchy problem (1) is γ s -wellposed under the conditions (2) and (14) λ . We define the energy
Then we can see from the condition (3) that there exists
, differentiating E ε (t, ξ ) 2 and using (3), (23) and (26), we have:
In order to estimate the last term we use Hölder's inequality xy
Hence we have
Taking ε = ξ −2 1+(1+λ)α and choosing ρ(t) such that
from the conditions (13) and (14) λ we have the energy inequality:
When k + α 1, using lemma in the proof of Theorem 1, we can also get the energy inequality
Thus we find that the Cauchy problem (1) is γ s -wellposed under the conditions (2) and (14) λ . Similarly if we define the energy by:
we can prove that the Cauchy problem (1) is γ s -wellposed under the conditions (3) and (15).
Proof of Theorem 3
Since −1/2 < λ < 0 and k + α > 1 λ+1 , we can see that k + α > 1. Therefore we define the energy by:
Moreover we also define the approximate coefficient c ε (t) = c(t) + ε (1+λ) (k+α) . Differentiating E ε (t, ξ ) 2 and using (23), we have: Taking ε = ξ This concludes the proof of Theorem 3.
